Introduction
Neospora caninum is an obligate intracellular protozoan, strongly correlated to abortion and decrease of fertility in cows, the major intermediate host(Shaapan 2015 [1] ). The fertility losses caused by the parasite are estimated in more than a billion dollars(Reichel 2013 [2] ), disturbing several economies. The members of this phylum are characterized by an active system of invasion. The system is composed of surface and secreted adhesive proteins, which interacts with ligands from host cells and an actin-motor of the parasite(Bargieri 2014 [3] ). Among the methods applied for studies involving the blockage of the apicomplexan invasion system, heterologous expression in E. coli provides the primary source of potential vaccine antigens, such as AMA-1 (apical membrane antigen) and MSP2 (merozoite superficial protein) from Plasmodium falciparum(Anders 2010 [4] ). This expression system is extensively applied as a source of proteins on laboratory or industrial scale(Kamionka 2011 [5] ). The most evident features of expression in E. coli are the low cost and high yield of purified proteins, sometimes up to 50% of the cellular protein mass(Francis & Page. 2016 [6] ). The induction with IPTG ( isopropyl β-D-1-thiogalactopyranoside), based on the lactose operon(Jacob 1961 [7] ), allows the expression of proteins after an adequate bacterial growth. Among the several options of expression, the pET plasmids (Novagen), based on pBR322 (Bolivar 1978 [8] ), are one of the most popular in the research and industrial fields(Sathiamoorthy 2012 [9] ). Several approaches based on the pET family (pET 28 and 32) and E. coli (BL21, Rosetta, Rosetta Gami) failed to express fragments of actin from N. caninum by our group. In this work, we ligated the pET28 expression region in the pGEM-T Easy Vector (Promega), generating a hybrid plasmid, named pGEM-pET28. This plasmid succeeded in expressing the actin fragment of N. caninum, representing the first description of actin from N. caninum in its recombinant form. The adaptation of plasmids for expression in E. coli is a valuable tool, which is independent of a commercial organization, offering more options for recombinant expression. The expression region of pET28 (Novagen, A) was amplified by PCR and ligated to pGEM-T Easy Vector (Promega), generating the plasmid pGEM-pET28 (B). The plasmid pGEM-pET28 was applied for the recombinant expression of N. caninum actin. (C) The actin fragment from N. caninum was ligated in pGEM-pET28, electroporated in E. coli BL21 and expressed after IPTG induction. The fragment was purified in a nickel sepharose column and analyzed by mass spectrometry. 1: Protein ladder; 2: protein extract from E. coli induced with IPTG; 3: protein extract from E. coli non-induced; 4: purified recombinant actin. The arrow indicates the actin fragment.
Results and discussion
The expression of recombinant proteins through the application of the pET28 system has been extensively employed(Sathiamoorthy 2012 [9] ). This method is one of the most simple and low-cost procedures for obtaining proteins for diverse applications and is usually the first choice among biotechnologists(Kamionka 2011 [5] ). This work describes a new plasmid for recombinant expression based on pET28 and IPTG induction, formed by the fusion of the pET28 expression region and the pGEM-T Easy Vector. The hybrid plasmid expressed an actin fragment of N. caninum, an apicomplexan parasite related to abortion in cattle and responsible for significant losses in the cattle industry(Reichel 2013 [2] ). The actin has an important role in the gliding and invasion process of apicomplexans in general (Meissner 2013 [10] ), and this is the first description from N. caninum, a Toxoplasma gondii-related parasite. Several unsuccessful attempts were previously made by our group to get the recombinant N. caninum actin in expression plasmids. This problem was solved with the pGEM-pET28 plasmid: the recombinant actin fragment of 22 kDa was promptly expressed in BL21 ( Figure C, lane 2) , compared to the non-induced control ( Figure C, lane 3) . The actin fragment was purified ( Figure C, lane 4) and the identity was confirmed by mass spectrometry. A fragment (SYELPDGNIITVGNER) covering 16.7% of the expressed protein was identified with a significant score of 92. Rare codons compose approximately 10% of the N. caninum actin (38 rare codons of 375 total codons, according to ATGme software (Daniel 2015 [11] )), an important factor for inhibition of protein expression in E. coli (Gustafsson 2004 [12] ). On the other hand, the origin of replication of pGEM (pUC) present in pGEMpET28 generates higher plasmid copies as compared to pET28, probably compensating the low expression caused by rare codons. Moreover, the reduction of the plasmid size improves transformation efficiency and stability in E. coli (Hanahan 1983 [13] ), a clear advantage of the pGEM-pET28 compared to pET28. The importance of actin in Apicomplexa has been extensively demonstrated using T. gondii and Plasmodium models(Bane 2016 [14] ) (Bichet 2014 [15] ). The use of pGEM-pET28 allows future research involving actin of N. caninum, bringing further knowledge of this protein within the phylum and its role in the invasion process. Our work demonstrates that vectors for maintenance of genes such as pGEM are also able to perform the function of expression as pET28, and pGEM-pET28 represents an option for the expression of proteins from deleterious protozoans.
Conclusion
The actin fragment from N. caninum was expressed in E. coli using pGEM-pET28.
Limitations
Conventional plasmids such as pET28 and pET32 failed to express N. caninum actin. This difficulty was solved with the use of pGEM-pET28. However, the recombinant actin protein was insoluble. Therefore, the next steps should be based on the solubilization of the protein. The addition of solubility-enhancement tags (such as thioredoxin or SUMO proteins) might be considered to achieve soluble and active N. caninum actin.
Conjectures
High copies of pGEM-pET28 in bacteria probably compensate the low expression caused by rare codons present in actin. Thus, pGEM-pET28 is an interesting alternative to express proteins with considerable proportion of rare codons in E. coli.
